Introduction. There are few descriptions of the placenta and associated tissues of the European hedgehog (Erinaceus europaeus) and here we present findings on a near-term pregnant specimen.
Introduction
The West European hedgehog (Erinaceus europaeus) has iconic status among embryologists as it 2 was one of the first species subjected to a detailed study of placentation [1] . Only two subsequent 3 descriptions of the fetal membranes have been published [2, 3] . Some information is available on 4 the African hedgehogs, Atelerix frontalis [4, 5] and A. albiventris [6] and the gymnure (Echinosorex 5 gymnura) [7] , which are also members of the Erinaceidae family. 6 In the present study, the placentae of a late-pregnant hedgehog were examined grossly, 7 histologically, immunohistochemically and by lectin histochemistry to determine their structure 8 and cellular architecture and to define the types of glycans expressed by the component maternal 9 and fetal tissues. Such investigations are important as lectin histochemistry, applied to semi-thin 10 sections, gives high resolution information on the cellular glycome, providing a useful tool in 11 detecting subtle changes in the biochemistry and function of cells that are not evident using 12 routine histological stains. Here it has been used to identify alterations in cell glycosylation that 13 relate to the positions of cells within the placental disc and yolk sac, reflecting local differences in 14 function and secretory ability. discoid placentae. Wedges (1-2 cm wide) were cut from the outer edge towards the centre of each 22 placental disc and fixed in 10% neutral buffered formalin for 4 days. 23 24 Pieces of fixed tissue were trimmed and embedded in paraffin wax for sectioning at 5µm prior to diameter. These were dried for 2 days at 50°C and stained with a panel of 25 lectins and an avidin- 41 biotin revealing system as previously described [8] except that SNA-1 was used at a concentration 42 of 50µg/ml. Major binding specificities of the lectins are shown in Table 1 sections from one block of yolk sac and allocated a grade from 0 (negative) to 4 (intense staining) 51 and granule density from +/-(sparse) to ++++ (closely packed). Where there was variation in 52 staining intensity, the range is denoted in the tables. 
Histology and immunocytochemistry

Results
54
Histology of placental disc and placental bed
55
The placental disc comprised 3 principal zones: a labyrinth and spongy zone, both cytokeratin 56 positive (Fig. 1B, 2A) and a mixed population of cells at the fetal-maternal interface (Figs. 1F, G).
57
The fetal-facing surface (chorionic plate) contained connective tissue and small to medium size 58 branches of umbilical arteries and veins and overlay medium size maternal blood channels lined by 59 trophoblast (Fig. 1C) . In all vessels, the fetal and maternal erythrocytes could be distinguished by 60 the larger size of the former (Fig 1D) . Although connections between fetal capillaries could be seen 61 entering into veins, we did not encounter arteries descending through the labyrinth to supply the 62 capillaries. Occasional nucleated erythrocytes were present.
63
In the labyrinth, fetal capillaries ran parallel to trophoblast-lined maternal blood channels (Fig.   64   1D ). The spongy zone, comprising trophoblast with maternal blood spaces (Fig. 1E) , was less 65 extensive in this near term specimen than that described for earlier stages by Hubrecht [1] and 66 Morris [2, 3] . Trophoblast cells here were often binucleate. At the fetal-maternal interface existed 67 a mixed population of cells, most of which were small with a high nuclear-to-cytoplasm ratio and 68 darkly staining nuclei, containing little or no cytokeratin. Interspersed with these were larger cells 69 that stained strongly for cytokeratin and often contained granules or vacuoles (Fig. 1F,G 
72
A thick layer of decidualised endometrium existed beneath the placental disc followed by the 73 myometrium. Many sections of maternal vessels were found in the placental bed. Sometimes they 74 were surrounded by cytokeratin-positive cells, presumed to be trophoblast, but these cells were 75 never found in the lumen, as they are in the gymnure [7] , and only rarely in the tunica media.
76
Large maternal blood channels ran from the maternal side of the placental disc to the fetal surface 77 where they branched at right angles (Fig 2A) ; they supplied the smaller, trophoblast-lined channels 78 that ran from the fetal to the maternal side. Fetal capillaries ran parallel to them probably in the 79 opposite direction, allowing for countercurrent exchange, as suggested for the gymnure by 80 Meister and Davis [7] . 
Lectin histochemistry of placenta
82
The results of lectin staining are summarized in Table 1 .
83
The trophoblast of the labyrinth zone contained many uniformly-sized, clear vacuoles which may 84 have been extracted fat droplets (Fig. 3A) , as well as some darkly stained granules particularly 85 evident with GNA ( Fig. 3B ) and which also stained up with the majority of lectins (see table 1 ).
86
Other granules were often more threadlike and they selectively bound VVA and HPA. Surface 87 membranes strongly bound CON A, PSA (Fig. 3A) prominently. The intracellular granules were more easily identifiable and these were highlighted 103 particularly well with GNA, PSA (Fig. 3H) , ePHA, ALA (Fig. 3I) , DSA, LEA and HPA. A certain degree 104 of intracellular heterogeneity was evident, especially with AHA (Fig. 3J ). Thread-like or granular inclusions that bound VVA (Fig. 3K ) and HPA were again visible. These cells were rich in sialic acid, 106 reflected by a diminution in their binding of WGA after neuraminidase pre-treatment (Figs 3L, M).
107
The mixed cell population at the junction between the spongy zone and the endometrium bound 108 almost all the lectins used in the study. Amylase-sensitive glycogen, shown by BSA-II staining ( 
Paraplacenta
116
Lateral to the disc (Fig. 1B) was a paraplacental structure comprising three elements (Fig. 4) . 
Lectin staining of the paraplacenta
7
The results of lectin staining are summarized in Table 2 . 127 Reichert's e ra e was a fibrous and heavily glycosylated structure with strong binding to 128 CONA, PSA, e-PHA, LTA, ALA, STA and SNA-1 ( Fig. 4B-D (Fig. 4I ), compared to only isolated foci in the placental junctional zone (Fig. 3N ). Lectin 145 staining showed clearly the nuclear/vacuolar structures and membranous infoldings in the giant 146 cells a utti g the Reichert's e ra e near the placental disc (Fig. 4J ). 
Histology and lectin staining of the yolk sac
149
By late gestation, the yolk sac has been dislodged from the uterine wall, although its vasculature is 150 still supplied by the vitelline vessels ( Figure 1A ). Thus it is suspended in the exocoelom and lined 151 on that side by mesothelium. At the opposite surface, facing the yolk sac cavity, were columnar 152 endodermal cells (Fig 2B) . In places, this layer extended down to form structures resembling acini 153 lined by endoderm (Fig. 2C) , which often contained secretory material. Both these epithelia were The mesothelial surface of the yolk sac was heavily glycosylated (see Table 2 ) and it bound CON A 161 ( Fig. 5B) , PSA, e-PHA, ALA, MPA, GNA, DSA, STA, LEA, SNA-1, MAA, PAA and WGA. There was also 162 patchy staining with WFA, ECA and PAA and neuraminidase increased the level of staining with 163 AHA, ECA, SBA and PAA (Fig. 5C-F) . There was little reduction in the heavy staining with SNA-1 164 after neuraminidase pre-treatment, or of MAA in this particular cell layer (Fig. 5G, H) . There was surfaces; these also bound SBA after neuraminidase, HPA and VVA, the latter selectively (Fig. 5 J) . 175 Occasional darkly staining granules (arrows) could be seen in the sub-apical cytoplasm with VVA as The biochemistry and morphology of Reichert's e ra e has ee i te si ely studied in the rat Erinaceus, implying a high degree of conservation in the membrane with respect to mannosyl, 240 fucosyl and N-acetyl glucosamine residues, ut cappi g of so e β-galactosyl residues in Erinaceus.
241
The presence of high levels of amylase-sensitive glycogen deposits in the underlying trophoblast 
